This review assesses the current status of knowledge concerning the relationship of risk factors to atherosclerotic lesions. Risk factors for atherosclerotic lesions per se need not necessarily be identical to those related to clinically overt coronary heart disease (CHD). This review is based on 1) autopsy studies where information on risk factors was gathered In a retrospective fashion; and 2) autopsy studies where information on risk fetors was gathered prospectively. In spite of differences in study designs and grading methods among the studies, the general findings were similar. Elevated serum cholesterol and blood pressure are positively and significantly related to atherosclerotic lesions. High density llpoprotein cholesterol Is inversely related to coronary and probably also to cerebral atherosclerosis. Almost all studies Indicate a significant association between cigarette smoking and degree of aortic atherosclerosis; a positive relationship between smoking and coronary atherosclerosis Is found In many, but not all, studies. In most studies no consistent association was found between obesity or physical activity and the degree of atherosclerosis. Data from the Community Pathology Study in New Orleans indicate that the average extent of coronary atherosclerosis in a population may be subject to changes within a relatively short period of time; these changes might be expected to parallel changes In risk factors In the population. (Arteriosclerosis 3:187-198, May/June 1983) E pidemiologic studies of living populations have identified personal attributes associated with increased risk of developing coronary heart disease (CHD). The clinical endpoints for CHD (myocardial infarction, sudden death due to coronary thrombosis, and angina pectoris) are the result of a combination of factors, including the amount and distribution of coronary atherosclerosis, mechanisms related to the occlusive episode, the size and workload of the heart, and sequelae such as cardiac arrhythmias and myocardial failure. The close relationship between severity and extent of coronary atherosclerosis and the development fo CHD is now almost universally accepted; nevertheless, it is important to establish whether risk factors for clinically overt CHD are also related to the development of atherosclerosis per se.
pidemiologic studies of living populations have identified personal attributes associated with increased risk of developing coronary heart disease (CHD). The clinical endpoints for CHD (myocardial infarction, sudden death due to coronary thrombosis, and angina pectoris) are the result of a combination of factors, including the amount and distribution of coronary atherosclerosis, mechanisms related to the occlusive episode, the size and workload of the heart, and sequelae such as cardiac arrhythmias and myocardial failure. The close relationship between severity and extent of coronary atherosclerosis and the development fo CHD is now almost universally accepted; nevertheless, it is important to establish whether risk factors for clinically overt CHD are also related to the development of atherosclerosis per se. 1 Risk factors for CHD could be associated with the basic development of the underlying arterial lesions or with the complications of lesions, such as thrombosis, hemorrhage, rupture of plaques, and embolism. Risk factors could also act directly on the myocardium and its conduction system, not on the underlying arterial lesions. The detection of associations between risk factors and atherosclerotic lesions leads to a better understanding of the etiology and pathogenesis of atherosclerosis. Such knowledge is essential for development of rational strategies for prevention of atherosclerosis and its complications. Most methods of evaluating atherosclerotic lesions in living subjects only provide information about the extent and characteristics of arterial lesions that are quite advanced and that significantly narrow the lumen. Although there is hope of improving technology to permit a more accurate measurement of atherosclerotic lesions in living subjects, 2 most information about the relationship of risk factors to atherosclerotic lesions must be obtained from autopsy studies.
This review will assess the current status of knowledge concerning the relationship of risk factors to atherosclerotic lesions. Some of this information was gathered from autopsy studies in which lesions were evaluated at autopsy, but the risk factor information was gathered retrospectively from clinical records or from autopsy protocols. Studies using two additional approaches for investigating the relationship between risk factors and lesions are included in this review. The first approach uses standardized methods to evaluate atherosclerotic lesions at autopsy in subjects from prospective epidemiological studies in which risk factors were measured during life. A second approach uses a community-wide study of deceased persons in settings in which the percentage of autopsies performed is high, together with a detailed standardized protocol for evaluating both atherosclerotic lesions and certain autopsy-derived risk factors. These autopsy studies, with all their inherent limitations, provide valuable information about the relationships of suspected CHD risk factors to atherosclerotic lesions in the arterial wall. They clearly support the concept that atherosclerosis is a multifactorial process. Moreover, many of the known or suspected risk factors for CHD are significantly related to the basic underlying arterial lesions of atherosclerosis.
Autopsy Studies with Retrospective Risk Factor Data
In the 1950s pathologists began to compare atherosclerosis among populations. 34 The principal objectives were to relate differences in living and in environmental conditions to preclinical lesions found at autopsy. These researchers developed and tested methods for evaluating and quantitating arterial lesions, and they conducted a large scale international survey, The International Atherosclerosis Project (IAP), 1960-1964. 5 Later a World Health Organization (WHO) group using the methods of the IAP performed a similar multinational study in Europe. 6 The collaborating pathologists in the IAP used standardized methods, centralized laboratories, rigid biostatistical control, and a detailed standard operating protocol to examine more than 23,000 sets of aortas and coronary arteries from autopsied individuals in 14 countries. This unique study included specimens from 19 combinations of race and geographic location. Cerebral arteries were collected in some populations. The population groups differed markedly in living standards and in frequency of CHD.
Geographic Differences
Large geographic differences in the extent of atherosclerotic lesions were found. 7 " 9 In Table 1 , these 19 location-race groups are ranked according to the mean extent of raised atherosclerotic lesions (RL); RL is the sum of fibrous plaques, complicated lesions, and calcified lesions. The mean extent of RL is based on lesions measured in coronary arteries and aortas of men and women in four 10-year age groups who died from accidental causes or causes not associated with atherosclerosis (basal category).
Cases from populations such as New Orleans and Oslo had about three times as much mean intimal surface involvement with RL as did those from Guatemala and the Durban Bantu, and there was a spectrum of involvement between those extremes. Similar geographic differences were noted for cerebral atherosclerosis. 8 The geographic differences in the extent of atherosclerotic lesions could not be explained by racial differences alone. Three locations in the IAP had both black and white populations, i.e., New Orleans, Puerto Rico, and Sao Paulo. The black groups in these geographic locations had less extensive lesions than the white groups, particularly the men. However, a strong gradient in extent of atherosclerosis was detected among both the black and white populations. Thus, environmental background seems more important than race in determining the extent of atherosclerosis. Any genetic or racial effect, however, is undoubtedly confounded by socioeconomic differences between the races in any one geographic location.
Atherosclerosis In Different Arteries
Even though the severity of atherosclerosis in one artery does not predict the severity in another artery for an individual case, on a group basis the average amount of lesion involvement in one artery is correlated with the average amount of lesion involvement in other arteries. regardless of whether the ranking is based on RL in one of the three coronary arteries, the aorta, or the cerebral arteries. This finding is consistent with the idea that environmental conditions predominantly determine the severity of atherosclerosis in a population.
Gender Differences In Atherosclerosis
Coronary atherosclerosis is generally thought to be more extensive in men than in women. In the IAP, the average extent of coronary and cerebral lesions was higher for men than for women in all the white populations; however, the gender difference was less striking or absent in the black populations. 78 Thus, differences in atherosclerosis between genders are not consistent nor easily explained.
Atherosclerosis In Major Disease Groups
No significant nor even consistent differences in mean RL were found among groups of persons who died from accidental causes, infectious diseases, cancer, or miscellaneous causes not associated with atherosclerosis. 12 ' ' 3 Furthermore, no consistent pattern of differences emerged among these four cause-of-death groups when compared within location, race, sex, age, and arterial segment.
Raised atherosclerotic lesions in the aorta, coronary, and cerebral arteries were more extensive in hypertensive and diabetic persons than in those without hypertension and diabetes in all populations studied. 13 " 15 The same results were shown in the WHO study. 1617 On the other hand, hypertension alone in the absence of severe atherosclerosis does not appear to greatly influence the rate of CHD. 13 For example, in Jamaica hypertension was prevalent, but CHD was uncommon, in the 1960s. Hypertension aggravated atherosclerosis in the population, 13 but the increase was superimposed upon a relatively low base. The severity of atherosclerosis apparently was not great enough to cause a high level of CHD mortality even though the risk factor (hypertension) was prevalent.
No association was found between atherosclerosis and several measures of obesity, body weight, body height, and trunk length in the IAP. It was concluded that if obesity, by itself, is a risk factor for CHD, it may act by a mechanism other than by aggravation of mural atherosclerosis. 18 In the WHO study, on the other hand, obese people had more coronary atherosclerosis, coronary stenosis, and myocardial lesions than thin people. When hypertensives and diabetics were excluded, a difference persisted in a reduced form. However, when compared with a standardized average atherosclerosis group -to exclude the effect of "wasting disease" -and when hypertensives and diabetics were excluded, neither the extent of atherosclerotic lesions nor the prevalence of coronary stenosis was increased for the group of obese subjects as compared to thin subjects. 19 Mortality rates from CHD were not available for all populations included in the IAP, but when such data were available, the rates ranked the populations in much the same order as did the measures of atherosclerotic lesions (Table 1) . In all location-race groups, persons with CHD had, on the average, more coronary RL than did persons dying from accidental causes or causes not associated with atherosclerosis ( Table 2 ). In each of these populations, the more coronary atherosclerosis, the higher the frequency of CHD. 20 Thus, at least some etiologic agents (and risk factors) probably are identical for both coronary atherosclerosis per se and clinically manifest CHD.
Individual Variation In Extent of Atherosclerotic Lesions
Even after stratifying cases according to race, sex, age, and disease, there remains much individual variation in the extent of RL in the aorta and the coronary and cerebral arteries. 7 '
8i 10 ' 21 The individual variations in coronary RL in men from Oslo and Guatemala who died from accidental causes or causes not associated with atherosclerosis ( Figure 1 ) are large in both Oslo (a high atherosclerosis group) and in Guatemala (a low atherosclerosis group). The average extent of RL increased with age in the basal group in all populations in the IAP (Table 2 ). This individual variation in RL among persons in the most homogeneous subgroups reflects individual differences both in susceptibility to atherosclerosis and in exposure to risk factors.
Large individual variations in coronary RL are also present in the CHD cases in all age groups ( Figure  2 ). Individual measurements in the CHD cases overlap those of the basal cases ( Figure 1 ). Thus, there *The basal group contained persons who died of accidental causes or causes not associated with atherosclerosis. The CHD group contained persons whose cause of death was coronary heart disease.
The data are from the International Atherosclerosis Project.
seems to be no definite threshold of extent of coronary RL to be reached before CHD develops. However, contrary to the relationship found in the basal group, differences in the mean extent of coronary RL among age groups within the CHD group are small and inconsistent (Table 2, Figure 2 ).
In conclusion, the IAP strongly indicated the importance of environmental risk factors in the pathogenesis of atherosclerosis. This is illustrated by the geographic differences in the extent of lesions. The study also showed large variability in individual susceptibility to atherosclerosis as demonstrated in the individual variations of RL in all age groups of the most homogeneous subgroups. The study further demonstrated that conditions such as hypertension and diabetes mellitus aggravate atherosclerosis. These results of the IAP are in accordance with other autopsy studies of atherosclerosis. 6 •. 
Identification of Risk Factors
The results from the autopsy studies give only limited information about the more specific nature of the environmental risk factors; however, some indications about the risk factors can be obtained. In Table 3 , 12 location-race groups in the IAP are ranked according to the mean extent of raised lesions, serum cholesterol, and percentage of calories from fat, based on data gathered from the literature. 22 The ranking for RL is positively and significantly correlated with the ranking by serum cholesterol (p < 0.01) and by the percentage of calories from dietary fat (p < 0.01). The data conform to the hypothesis that geographic differences in extent of atherosclerosis can be explained in part by differences in fat consumption and serum cholesterol among populations.
In an autopsy study from New Orleans, 23 research nutritionists obtained (retrospectively from surviving spouses) individual dietary histories for 253 deceased men. Table 4 shows significantly more RL with a higher level of animal protein and total fat (animal and vegetable fat) consumption. Higher levels of animal fat, saturated fatty acids, and cholesterol seem to be associated with a greater involvement of lesions. The results also demonstrate a significant negative association between the extent of RL and the amount of vegetable protein and starch consumed. Fewer lesions were found when more calories came from vegetable protein and starch. An interpretation of these data could be that dietary starch is protective against atherosclerosis. However, the data could also simply mean that persons who consume more vegetables and starch eat less of the rich foods containing the commonly implicated atherogenic substances. The latter suggestion is supported by the finding that increased amounts of dietary fiber are related to decreased amounts of RL.
Because cigarette smoking is associated with the clinical manifestations of CHD, the assumption has been made that smoking aggravates the development of atherosclerosis. 24 Retrospective autopsy studies performed in the United States have demonstrated that heavy smokers have more coronary RL 27 however, a WHO study shows an unclear relationship between smoking and coronary atherosclerosis. 28 All three studies reported that cigarette smoking is associated with an increased amount of aortic atherosclerosis. Two of these studies indicate that the propensity for heavy smokers to develop CHD can be attributed partly to atherosclerotic lesions in the coronary arterial wall, and not just to the thrombotic complication of atherosclerotic lesions. 29 The association between CHD and cigarette smoking could also be the result of a direct influence on thrombosis or on the myocardium and its conduction system. 30 
Risk Factors In a Community Pathology Study
In a community-wide autopsy study, Strong and associates 31 have reported findings on postmortem serum cholesterol level, postmortem indices of hypertensive changes, postmortem anthropometric indices of obesity, measures, and selected other variables in autopsied subjects with and without coronary heart diseases. They also reported on the correlations between such variables and the extent of atherosclerotic lesions in the coronary arteries and aorta. For the first 4-year period of this study, they reported that measures of serum cholesterol, heart weight, renal hypertension index, thickness of panniculus adiposus, and body weight were higher among those with coronary heart disease than among those without coronary heart disease. Measures of obesity (body weight/body length, thickness of panniculus adiposus, and ponderal index) were significantly correlated with coronary RL, but not with aortic RL, in both races for the total sample and for the basal group.
Prospective Epidemiologic Studies with Autopsy Follow-Up
Until recently no prospective autopsy studies of which we are aware had evaluated on an individual case basis the relationship between certain major risk factors for CHD and the extent of atherosclerotic lesions per se. Thus, the findings from five recent prospective epidemiologic cardiovascular studies with autopsy follow-up are of great interest. Tables 5 and 6 show some of the cohort characteristics. The autopsy studies differ in age groupings, risk factors, risk factor levels, arterial segments (Table 7) , and in methods for estimating the extent of atherosclerotic lesions. The Oslo, Malmo\ and Puerto Rico studies used identical grading methods; 5 in fact, the specimens from Oslo and Puerto Rico were graded by the same team of pa- 3839 All studies included arterial specimens from men; only the Framingham study included specimens from women. Investigators in the studies analyzed and reported the results differently. In spite of the differences, however, some general conclusions about selected risk factors and atherosclerotic lesions can be made.
The results are summarized in Tables 8 and 9 . There is general agreement that serum cholesterol levels are significantly associated with the extent of atherosclerotic lesions in all arterial segments studied in men. In the Oslo study, the only study in which HDL cholesterol was measured, the HDL cholesterol showed a statistically significant inverse association with coronary RL. However, the negative (inverse) association of HDL cholesterol with cerebral RL was not statistically significant. Triglyceride levels were not significantly associated with the extent of atherosclerotic lesions in any arterial segment; the Honolulu study reported an association when data were analyzed by univariate methods, but the multivariate analysis failed to detect a significant association.
The three studies that used the same method for grading the extent of atherosclerotic lesions (Oslo, Malmo, Puerto Rico) demonstrated a significant increase in atherosclerosis with increased blood pressure. Neither the Honolulu nor the Framingham study, however, demonstrated a significant association with coronary atherosclerosis. The Honolulu study showed a significant association between systolic blood pressure and aortic atherosclerosis. The Framingham study reported an association between systolic blood pressure and RL in the coronaries of women only when analyzed by univariate methods; in the multivariate analyses this correlation was not statistically significant.
All the studies that included aortas found a relationship between cigarette smoking and aortic ath- 
+
Presence of an association is denoted by +, absence of association is denoted by -, and probable association is denoted ±. The data are from five prospective autopsy studies (see references [33] [34] [35] [36] 38) . NA = data not available.
*No statistical analyses performed.
erosclerosis. Only the Honolulu study demonstrated such an association for coronary atherosclerosis. The Malmo study reported an association between cigarette smoking and cerebral and peripheral artery atherosclerosis. The Oslo study found a positive, but not significant, relationship between cigarette smoking and cerebral atherosclerosis. Aortic specimens were not evaluated in the Oslo study. Thus, while there seems to be a relationship between smoking habits and aortic atherosclerosis, there is still some ambiguity concerning the association between smoking habits and coronary and cerebral atherosclerosis. Figure 3 illustrates the amount of coronary and cerebral RL with increasing levels of the three risk factors that showed a statistically significant associ- ation with the extent of RL in the Oslo study. There is a large individual variation in the extent of RL; this variability among individuals is illustrated in Figure 4 , where the percentage of RL is plotted against serum cholesterol value. The same large individual variation of RL was seen for all the different risk factors used in the study. Thus, even after classifying cases according to risk factors, there is much individual variation in the extent of RL. More detailed statistical analyses from the Oslo study demonstrate that all the risk factors used in the analyses explain only about 26% of the individual variation in RL. 33 Of this variation, HDL cholesterol, serum cholesterol, and blood pressure explain about 24%. The interaction analysis also indicates that serum cholesterol may be more important than blood pressure in the synergism affecting coronary atherosclerosis. On the other hand, the analysis reveals that blood pressure is more important than serum cholesterol in the synergism affecting cerebral atherosclerosis.
Other risk factors, such as blood glucose, physical activity, relative weight, and hematocrit, were included in some studies. No significant association between these potential or suspected risk factors and the extent of atherosclerosis was found in the multivariate analyses, with one exception: In the Honolulu study there was a statistically significant relationship between relative body weight and coronary RL.
The problem of the interpretation of the findings from studies with inconsistent results has been discussed by McGill, et al., 40 who emphasized the role of measurement error in estimates of correlation coefficients. The criteria for the selection of cases for autopsy and differences in methods of grading lesions can also contribute to inconsistent findings. Nevertheless, the prudent investigator can draw beneficial conclusions from such studies. I 60. 
Discussion
Retrospective and prospective autopsy studies strongly suggest that the atherosclerotic process in the arteries is a result of interacting known and unknown genetic and environmental factors. The effect on the arterial wall in a particular individual is dependent on a genetically determined response to the type and intensity of risk factors. It is also dependent on the duration of exposure to the risk factor. The nature, and particularly the level, of risk factors will surely vary among individuals within even the most homogeneous subgroups selected according to age, sex, race, disease, and cause of death. It is no wonder that there is a large individual variation in the extent of arterial atherosclerotic lesions in homogeneous subgroups. 41 The effect of a particular risk factor may not be the same on all arterial segments. For example, in both retrospective 1415 and prospective autopsy studies, 33 blood pressure seems to be a stronger aggravating factor for cerebral atherosclerosis than for coronary atherosclerosis. Smoking seems to be a stronger aggravating factor for aortic atherosclerosis than for coronary atherosclerosis.
The effect of the environmental factors is clearly illustrated by the geographic differences in atherosclerosis. These differences cannot be explained by any known genetic or racial differences. Both hypertension and diabetes mellitus, which probably relate to a combination of genetic and environmental factors, aggravate the development of atherosclerotic lesions.
Risk factors obviously differ in the strength of their effects on atherosclerosis. Serum cholesterol, HDL cholesterol, and blood pressure seem to have a relatively strong effect on atherogenesis. Even with a limited number of cases, significant relationships between these risk factors and the extent of arterial lesions were shown in a preliminary report from the Oslo study. 42 Lack of significant correlations between other CHD risk factors and atherosclerotic lesions may be due to these being weaker atherogenic factors, and therefore not detected in autopsy studies with only a few cases. Failure to detect a statistically significant association between a particular risk factor and atherosclerotic lesions in autopsied cases does not justify its exclusion as a possible causative agent for atherosclerotic lesions.
The effect of the risk factor itself may be confounded by the interaction of other factors. Cigarette smoking may be such a factor. Prospective autopsy studies indicate a significant relationship between cigarette smoking and aortic atherosclerosis, 34 " 38 while the relationship of smoking and coronary atherosclerosis is not so clear. The synergistic effect from cigarette smoking on coronary atherosclerosis may be too weak to see in some autopsy studies, or smoking habits (rate, inhalation, lengths smoked, types of cigarettes) may differ in different parts of the world.
What conclusive evidence do autopsy studies provide about the relationship of risk factors to atherosclerotic lesions? Elevated serum cholesterol and increased blood pressure are associated with increased atherosclerosis. Thus, factors that lead to increased serum cholesterol and elevated blood pressure would seem to accelerate the development of atherosclerosis. HDL cholesterol is inversely related to coronary atherosclerosis and probably also to cerebral atherosclerosis. Factors that lead to decreased HDL cholesterol would also seem to be implicated in the acceleration or development of atherosclerosis. We think that autopsy studies have clearly shown that the following factors are associated with atherosclerotic lesions: elevated serum cholesterol, elevated systolic and diastolic blood pressure, and lowered HDL cholesterol. All these factors together explain about 25% of the individual variation in the Oslo study. 33 Better methods of evaluating the extent of atherosclerotic lesions and more information on the time course of suspected risk factors may help explain some residual variation in lesions. Even so, a large part of the individual variation in atherosclerotic lesions will undoubtedly remain unexplained.
How consistent is the average amount of atherosclerosis in a population over a period of time? The frequency of CHD was reduced in Scandinavia during World War II, when there was reduced smoking and fat consumption among many other changes. 4344 A clinical intervention trial with a normotensive, high risk group in the Oslo study, showed that a change in diet and reduction in smoking led to serum cholesterol lowering. After 5 years, the morbidity and mortality of CHD was significantly lower in the intervention group than in the control group. 45 The mortality from CHD has been reduced in the United States during the last 10 to 15 years; at the same time, serum cholesterol levels and smoking have declined. 46^18 In recent years, similar patterns of leveling and decline have been reported for several other countries. 49 Do these findings mean that the amount of atherosclerosis in coronary arteries has been reduced?
An autopsy study in New Orleans may provide some answers. An autopsy sample of men aged 25 to 44 years which was included in the IAP study for 1960 to 1964, showed that white men had more RL in coronary arteries than black men. 50 This sample has been compared with the autopsy sample of men in the same age group in the first four years of the New Orleans Community Pathology Study for 1969 to 1972. 51 In the New Orleans study, white men had less coronary RL than white men in the IAP study, and had the same amount of lesions as black men ( Figure 5 ). If this finding reflects a general trend in the U.S. population, the reduced CHD death rates in white men may be partly explained by a reduced amount of coronary atherosclerosis.
There is still a need for autopsy studies in the investigation of risk factors and atherosclerotic le- sions. We know little about the relationship between risk factors and atherosclerotic lesions in the peripheral arteries. We know little about the relationship between risk factors for CHD and coronary RL in women. We certainly know little about how the amount of atherosclerosis changes over time in a population. A new international autopsy survey similar to the IAP study, including samples from the same population groups, could provide valuable information about how changes in coronary RL in a population over a period of 20 to 25 years are reflected in changes in CHD mortality rates. Identifying such changes would provide a better idea of the effect of preventive measures (including self-imposed restrictions or reductions in risk factors), and probably quicker answers to those questions, than the use of clinical end-points alone.
